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[57] ABSTRACT 

The output of each branch of a diversity system contains a 
pilot signal and a modulated carrier. The spectrum of each 
branch output is distinct, but the difference frequency com- 
ponent between the signal and pilot . is identical for all 
branches. The same intelligence is applied to each branch. In a 
unitary branch combiner, a single mixer performs all cophas- 
ing and combining. All of the pilot and carrier signals are beat 
together to produce in-phase addition of the difference com- 
ponents derived from the individual signal pairs, and the spec- 
tra are selected so that negligible interference is generated by 
cross modulation products. 

17 Claims, 9 Drawing Figures 
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BRANCH The system may utilize a space diversity array at the trans- 

BACKGROUND OF THE INVENTION < mi ^ er ^ a ^gle antenna, angle front end receiver in which 

5 all inputs are combined in a conventional mixer or squarer. 

This invention relates to diversity transmission systems, and The spectral arrangement technique, however, is also capable 
more particularly, to systems utilizing a pilot and a modulated of separating pairs of appropriately arranged signals in other 
carrier in the same phase coherent bandwidth. environments. For example, in a diversity array receiver hav- 

Communication systems using pilots and steerable antenna ing the pilot-carrier pair received by each antenna, the recep- 
arrays are well known. In two representative United States 10 tion on each branch could be individually shifted in frequency 
Patents. U.S Pat., No. 3,273,151, issued to C. C. Cutler ct aL to form an appropriate spectral arrangement so that when the 
in 1966 and U.S. Pat. No. 3,1 66,749, issued to J. C ScheUeng shifted outputs are beat in a common mixer a coherent com- 
in 1965, the received pilot and modulated signal in each bined output is produced, 
branch are beat together to produce a difference product 

which is free from phase distortion due to the transmission BRIEF DESCRIPTION OF THE DRAWINGS 

medium. It is taught in Cutler et al. that the difference pin i « * m^v ai^^ ~* MU 
frequency modulation component resulting from beating a JS^i^i^^ .uT* transmitter diver- 
pilot and a modulated signal received by a ven antenna ele- ^JSS^%^ J^^ m ^ mVCnt, ° n * . 
ment of an array is in-phase with all other parallel components 50 * f^™* 5 ™ ^ phl ^ "P^ntaUons of four 

derived by the other antenna elements and that these products 20 £5^£ ^° mems of 0Ul P ut transmissions from 
can be combined additively. In the prior art the beating TS™ Li . 

technique is used to produce for each branch an individual " ^ ^ graphical representations of the nu- 

produce which is in-phase with aU others. Each diversity mCr0US CrOM m «? ula tion products as seen at the difference 
branch is electrically isolated prior to cophasing. 3 < frequency test point of the receiver in FIG. 1 for the trans- 

In many applications the necessity of individual and isolated m ^ T-^ L h n ? S ^ and 4 A, respectively. . 

mixers for each branch results in cost and complexity suffi- . * 13 a block ^f 3 " 1 of . an N - bra nch receiver diversity 

cient to preclude the use of the technique. . For example, mo- SyStCm f ° r "** m accordance with the invention, 
bile radio systems, suitable for large subscriber population. DETAILED DESCRIPTION 

require simple, efficient and inexpensive apparatus at the mo- 30 

bile station. The diversity transmission system in accordance with the 

present invention is illustrated in block diasram form in FIG 
SUMMARY OF THE INVENTION 1. The elements of the system include a m^MiSZ 

It is the object of the present invention to improve the pilot- "V"? ^ ? unitar y branch receiver. Information source 1 1 , 
carrier diversity systems so that the electrical isolation of the 35 wn,cn may be conventional device, such as a microphone, 
branches is eliminated and so that a simple mixer can beat the P rov,dc * an intelligence bearing signal. The single intelligence 
components of all branches simultaneously. | s applied to each of the plurality of branches A through 

In order to simplify the system to a single mixer, the in- N via independent branch transmitters 12 through 14. Each 
herent interference caused by modulation products (originat- branch transmitter generates a distinctive pair of signals con- 
ing from signals in other branches) must be eliminated or sup- 40 sUting ** a P Uot lone and a carrier whose difference frequency 
pressed. In accordance with the invention, the spectral ar- component is identical for each branch. Branch transmitters 
rangement of all of the pilots and carriers is specifically 12 through 14 may each include two conventional C.W. trans- 
selected so that undesired products are either but of the miners, one generating the pilot and the other generating the 
desired passband or are so weak relative to the desired signal A< carrier, and a modulator for applying the intelligence from 
that they can be conveniently suppressed. 45 source 1 1 to each carrier. ( In some cases, two modulators are 

The transmission on each branch contains a pair of signals included so that portions of the intelligence may be modulated 
which may be an unmodulated pilot and a modulated carrier. onto 6800 signal). The branches are shown as originating from 
Alternatively, the modulation may be divided between a carri- separate antennas 15 through 17 arranged in a space diversity 
er and a pilot (i.e., two modulated carriers), The composite 5fJ array, but the array may also represent an antenna system em- 
spectrum of each branch must be within the same phase ploying frequency, angle, polarization, time or path diversity, 
coherent bandwidth and the spectra of all branches may occu- P ilot and carrier frequencies, as well as the placement of 

py one common band, separated bands, or overlapping bands. modulation, is specifically arranged so that the frequency 
In all cases the signal pairs must be chosen so that the dif- spectra of the transmission from each branch will create 
ference frequency components between the two signals of any 55 negligible interference if all of the components are mixed 
one branch are identical for all branches; as used herein dif- together. 

ference frequency component means that signal produced by All of the signal pairs are received by single antenna 21 . The 
mixing two signals to form a difference frequency output, and P iJote and carriers of all branches are beat together by mixer 
two signal pairs have identical difference frequency com- 22 which is a conventional mixer designed to produce a dif- 
ponents when the difference product of the two signals of each $0 ference frequency output. The difference frequency corn- 
pair would produce voltages which are identical functions of ponent derived from the pilot and carrier of one pair contains 
time except for a multiplicative constant. The spectra must be intelligence identical to that contained by the difference corn- 
arranged to minimize the number of cross modulation ponents derived from all other pairs. Since mixer 22 provides 
products which lie within the desired output band, especially multiplication of a pilot and carrier of the same pair the mixer 
those which add in-phase. All of the input pairs are mixed 65 ». also designated squarer. This "squaring" inherently weights 
together and the difference frequency components derived each branch relative to its signal strength and provides max- 
from a pilot and carrier pair on one branch will add in-phase imal ratio diversity if noise times noise products are neglected 
with the corresponding difference frequency components of The intelligence transmitted via each different diversity pair 
all other branches at all topes, thus providing predetection appears at the output of mixer 22, modulated on a common i f 
maximal ratio combining The difference frequency com- 70 carrier which is at the difference frequency. The signal and 
ponente resulting from mixing sisals on different branches pilot on each branch share a phase coherent bandwidth Td 
add wuh random phase, ^e interfering products which are therefore, the difference frequency c*h*oa£^^ 

Za!^u m A*"! ° Ut Th t in - b . and P roduc *' wWch ™ *e receiver by inixing the pilot and signal of d* StaSS 
produced by random phase combinations, are weak relative to is identical to the differenc* fr^^ZT ? Drancn 

»e desired prodnc*. and in , ra . 6ysto ns, the index is sc.ectcd 75 Jf^J e p ™ ITL^SSXESZETZ- 
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Arough 14 arc tuned so that each pair has the same difference transmission bandwidth, which is twice the signal bandwidth 
frequency component, and therefore all of the difference BW, is within the phase coherent bandwidth of the propaga. 
frequency components containing the desired signal are in- tion medium. Because of this phase coherent addition and 
phase and may be combined directly. The mtermodulation since each modulation band is multiplied by the strength of its 
products also produce components which are. not always in- 5 own pfl^ th c reiver perform, as a maximal ratio diversity 
phase, such as me products of two pflots or a pilot and roodu- combiner. . 
lated carrier not of the same pair. The desired products, as The power spectral densities, S(/) ( shown in FIG. IB are 
well as these undesired ones, may be sensed at difference normalized to the power spectral density of the difference 
frequency test point 25. frequency spectrum that would be obtained if only a pilot and 

Distinct spectra are generated by each transmitter 12 10 carrier from one transmitter were received. The dc corn- 
through 14 to ensure that some interfering products are out- . ponents produced by mixer 22, such as A- A-, B B A,A- 
side.the passbandof the in-phase signals,. These. outK)f.hand B f B f are neglected since they are easily filtered frointhe out-' 
signals are filtered out by bandpass filter 23 which is designed put. Interference components are illustrated for the worst con- 
to pass only the desired difference frequency and its modula- , < ditions, that is, when the strength of signals from both trans- 
lion band. Those interfering products which are. within the miners are equal and when the phase of the interfering com- 
passband are, due to the choice of spectra, weak relative to ponents A v 'B e and B p Ac are also equal, 
the desired products and do not interfere significantly with the Bandpass filter 23 is designed to pass only frequencies in thc 
detection of the intelligence by demodulator 24. Two spectra range BW to 2BW and therefore the only interfering corn- 
are considered to be distinct even though plots of their spec- 2 0 P 0 ™ 01 wWch it passes is half the spectrum of A f B c . Under the 
tral power densities are identical if their instantaneous volt- worst case conditions, the resulting signal-to-interference 
ages are different functions of time, as would be caused, for in- power ratio is 8: 1 as shown in FIG. 2B. Assuming independent 
stance, by two waves, one delayed relative to the other. Any Rayleigh fading, the average signal-to-interference power 
form of modulation may be employed but in the case of ratio demodulator 24 is 20.4: 1 . ' 
frequency modulation, demodulator 24 may be used to im- 25 Iftm. modulation is used with an rras index of*, where <Pis 
prove the signal-to-interference ratio by appropriate selection greater than 1, the signal-to-interference ratio at passband can 
of the f.m. index so tiiat the undesired products will be sup- be shown to be 
pressed by the capture effect ofthef.m. detector. „ 1qT 

The following spectral arrangements are four illustrative ex- 7=-%/^ p * 3==2 ^ 5 * 3 
amples of the numerous possible arrangements of pilot and 30 ... ■ ^ 

carrier pairs which may be utilized in accordance with the in- where p is the power ratio of the si^al-to-interference into 
ventioh to maintain separation between diversity branches; the demodulator. For further discussion of signal-to-intcr- 
Each pair must have a common difference frequency com- ference evaluation, see "Interchannel Interference Considera- 
ponent, and the pilot and carrier of each pair must share a tions in Angle-Modulated Systems,'' by V. K. Prabhu and L 
common phase coherent bandwidth. The spectra of all of the 35 H. Entoe, published in The Bell System Technical Journal] 
branches must be selected so that interfering signals are sig- Volume 48, No. 1\ pages 2,333 - 2,358, September. 1969. As^ 
nificantly removed in frequency or power from the desired suming 10 db clipping and Carson *s Rule to estimate the signal 
signal. The power levels of the pilot and carrier of a pair may bandwidth in terms of the rms index, it can be shown that to 
be equal or unequal, their relative powers being chosen to 4Q achieve at least a 30 db signal-to-interference ratio in a 3kHz 
enhance either the signal-to-interference ratio or the signal-to- audio band, the signal bandwidth BW must be greater than or 
noise ratio. equal to 67.5kHz with a resulting transmission bandwidth of 

2BW or 135kHz 

I . TWO BRANCHES HAVING COMMON TRANSMISSION 

BAND WITH REVERSED SPECTRA 45 2. MULTIPLE BRANCHES HAVING WIDELY 

The most basic diversity system utilizes only two branches, SEPARATED TRANSMISSION BANDS 

and an appropriate spectral arrangement of the transmission A diversity system as shown in FIG. 1 having any number of 

in these two branches is shown in FIG. 2A, where S(/), the branches may be appropriately arranged simply by widely > 
power spectral density, is plotted against frequency. The separating the pilot and modulated carrier pairs from each 
branches are designated A and B as in the system of FIG. 1. 50 other Such a spectral arrangement is illustrated in FIG. 3. 
The frequency spectrum of the channel A output consists of a Each pilot, such as A„, is separated from the modulation A; of 
pilot A„ at frequency / # and a modulated carrier A* extending the same branch by a common frequency so that the dif- 
from/.+BW to/,+2BW. Conversely, the spectrum of branch ference frequency component derived from each pair is the 
B consists of a pilot B, at/ d +2BW and a modulated carrier B t same. The bands of the branches are separated by more than 
between/, and/,+BW. This spectral arrangement ensures that 55 their individual bandwidths, and thus there is no danger of in- 
the difference frequency component produced by mixing the terference from components due to cross modulation. The 
pilot and carrier of branch A is the same as the difference total transmission bandwidth per branch is not significantly 
frequency component of the pilot and carrier of branch B. greater than the signal bandwidth and the system provides 

The same intelligence is modulated in any conventional 6Q maximal ratio transmitter diversity so long as thc pilot and car- 
manner on the two carriers and if frequency modulation is cm- rier of each individual branch are within a common phase 
ployed, carrier B f sweeps downward in frequency as carrier Ac coherent bandwidth. If the frequency space between the 
sweeps upward (as indicated by the arrows); The spectra diversity bands is to be used for other stations, the reception at 
transmitted from branches A and B both lie within the antenna 21 must be comb filtered so that only the desired 
frequency range /. to / # +2BW, but their arrangement is 65 bands, A, B, C — are passed to mixer 22. Furthermore, if the 
reversed so that the receiver may cophase the two signals frequency separation between the bands exceeds the phase 
simultaneously without processing them through separate cir- coherent bandwidth, separate transmitting antennas are not 

cu !*; ... ■ ■ • *wqul«d since the arrangement constitutes frequency diversi- 

Intermodulation products produced by mixer 22 in the ty. . J . 

receiver are illustrated in FIG. 2B. The desired signal com- 70 

ponent is the combination of the difference frequency product 3. FOUR BRANCHES WITH MODULATION ON CERTAIN 
obtained when pilot A, mixes with modulation Ac and pilot B, PILOTS . 

-d**. of the sa*e cLu* ^ S iS-phL IfS 75 a^i^Cw. 
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cross modulation products increases as a square of the number between successive pairs are made unequal to prevent inter- 
of branches while there is only one desired product for each ference components from adding in-phase. 
individual signal pair. This factor complicates the selection of The total frequency shift from one end of the diversity array 
the appropriate spectral arrangement in a system having a to the other is less than the frequency space between any pilot 
very large array. 5 and its modulated carrier band. This prevents cross products 

FIG. 4A illustrates a specific spectral arrangement of the of two pilots from felling within the output passband of the 
output signals in a four branch system as shown in FIG. 1. This desired component. It is noted that, as in all other cases, the 
arrangement conserves bandwidth while providing high order difference frequency components are the same for each 
(greater than two branch) diversity and avoids the comb filter branch. Therefore, by using frequency feedback demodula- 
required in systems using widely separated bands. 10 tion and reducing the index to a small value <<tr/2), so that 

Some branches have the intelligence modulated on the car- the bandwidths of ail components are approximately twice the 
rier while others have the intelligence modulated in part on audio bandwidth, the loop filter in the frequency feedback 
the carrier and in part on the pilot. In branches A and B, half demodulator can separate the desired component from the in- 
of the intelligence modulation is placed on the pilot whereas |5 terfering components. U.S. Pat. No. 2,429,504; issued to M. 
the entire intelligence is modulated on the carrier in branches Ziegler in 1947, discloses such a feedback arrangement in a 
C and D. The spectra are chosen so that the difference selection diversity system without pilots. The resulting band- 
frequency component between any pilot and carrier of the width requirement of an M branch system utilizing this dis- 
same pair is identical. placed spectral arrangement is [4M(£)'+BW]> where f a is the 

Though any form of modulation may be used, the relative 20 ni K nest audio frequency, M is the number of branches and BW 
sense of frequency excursion in an FM system would be as in- is the signal bandwidth of the f.m. wave, 
dicated by the arrows in the modulation bands. The difference . The principles of the invention may also be utilized in a 
frequency passband, PB, extends from % BW to 7/4 BW. system, such as shown in FIG. 6, with a diversity array located 

Assuming the signal strength of all branches to be equal, the at the receiver. The modulated carrier and pilot pair is 
various intermodulation components resulting from the mix- 25 radiated by antenna 31 and received by the antennas 32 
ing of the spectra in FIG. 4A are shown in the graphs of FIG. through 34 of the N-branch array. The pilot-signal pairs arri v- 
4 B normalized to the spectral density of the output signal from ing at individual converting mixers 35 through 37 each have a 
a single branch. The desired signal is the sum of the products distinctive and indeterminate phase displacement. Each of the 
of the difference frequency components of each branch: A^A, pairs is mixed in converters 35 through 37 with a unique local 
•fBpBr+CpC+Dp-D,. . 30 oscillator signal which is selected to form output pairs having 

Graph (a) indicates the signal strength of the desired com- frequency spectra equivalent to those radiated by the trans- 
ponent. Graph (b) shows the out-of-band interference miner in the transmission diversity system of FIG. I. 
product of ApC, + B,D P + B„D, + A^Q. This product is, of The appropriately distributed pairs are combined and am- 
course, not passed by filter 23. Likewise, the interference P ,ifie <* by amplifier 41 and applied to mixer 42, which 
product of Dp-A^. + D/A, + B^C, + B C C C is outside the pass- 35 operates identically to mixer 22 in FIG. 1. 
band as illustrated in graph (c). In addition, out-of-band The difference frequency components produced by mixer 
products Ap Bp H-A^ B^ and C„ Dp are illustrated in graph (d). 42 will produce a coherent signal in which interfering 

As can be seen from the remaining part of graph (d) and products are suppressed if local oscillators 38 through 41 are 
graphs (e) through (k), each of the individual in-band inter- n properly adjusted to produce the prescribed spectra at the 
ferences are significantly below the strength of the desired output of converting mixers 34 through 37, respectively. Most 
signal. It is noted that any one or all of the branches may be off °f tne spectral arrangements suitable for transmission diversi- 
( of negligible level), under certain circumstances and hence, tv can °« applied to the receiver diversity embodiment, 
the relative strengths of the desired signal of graph (a), as well ,na ? 1 case8 "* » to be understood that the above-described 
as the strengths of the interfering products of graphs (b) 45 spectral arrangements are merely illustrative of a small 
through ( k) would be accordingly reduced from the "all on" number of the many possible applications of the principles of 
condition as indicated by the notations " I on," "2 on," and "3 the invention. Numerous and varied other arrangements in ae- 
on." cordance with these principles may be readily devised by 

For some components, the relative interference power de- tnose skilled in the art without departing from the spirit and 
pends upon the phase relationship between other components. 50 scope of . the invcnt | on - 
In such cases, the relative phases between the components What is claimed is: 

may be random, that is, uniformly distributed from 0 to 2v ** A diversity ttansrnission system comprising means for 
radians, in which case the average total power is the sum of generating a plurality of branch outputs, each branch output 
the component powers. Alternatively, the components may all consisting of a pair of signals, the difference frequency com- 
be in-phase, in which case the component voltages add. The 55 P onent between the two signals of any pair being identical for 
graphs of FIG, 4B also indicate by appropriate notation the branch 0Ut P uts . . 

relative strength of the interfering components under varying means for applying identical intelligence to each branch 
conditions of phasal relationship. By graphically adding output by modulating at least one signal of the pair, 

powers of the independent interfering components, it is m ^ m 8 means for simultaneously beating together all of the 
evident that even in the rare worst case, where all branches 60 signals of all of the branch outputs to produce difference 
have equal strength, and are also in-phase, the desired signal frequency products among all of the signals, and 

component illustrated in graph (a) is still stronger than the modulation receiving means tuned to a frequency band con- 

total interference within the passband PB. This allows the cap- tainmg the identical difference frequency component for 

ture effect of an f.m. signal to enhance the reception in all detecting the modulation on the difference products 

cases. 63 derived from two signals of the same branch output, ex- 

clusive of the difference products derived from signals of 
4. MULTIPLE BRANCHES HAVING SLIGHTLY different branch outputs, 

DISPLACED SPECTRA 2 - A diversity transmission system as claimed in claim 1 

In a multiple branch system the spectra may be arranged so 70 p£t "aSJ^ SXT. din f ° f 5"""* ^ 
thateachpaotandmodl.edcarrierpa.rUshiftedbya^eas, sCpU%?f b^ch — **"" *" «"* ° f 

twice the audio bandwidth torn the corresponding frequency 3. A diversity transmission system as claimed in claim 1 
of the previous branch. The spectra ^of transmission from an wherein said means for applying intelligence mduL means 
N-branch transmitter as shown m FIG. Illustrated in FIO. for applying frequency modulation with Ta selected 
5, and each spectrum has the same shape. The frequency shifts 75 , 0 at least one signal of each signal pair, and saW m«Sutatio n 
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receiving means includes a passband filter tuned to pass said 
identical difference frequency component and an f.m. detec- 
tor in which the capture effect suppresses difference frequen- 
cy products derived from signals of different signal pairs. 

4. A diversity transmission system as claimed in claim 3 
wherein said means for applying intelligence includes means 
for modulating the intelligence in part on one signal of said 
pair of signals and in part on the other signal of said pair of 
signals. 

5. A diversity transmission system in accordance with claim 
1 wherein said mixing means produces in-phase difference 
frequency products of the two signals of each signal pair and 
randomly phased difference products of two signals in dif- 
ferent signal pairs, whereby the randomly phased products are 
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and a modulation detector which suppresses the difference 
frequency products of corresponding signals in the two 
branches. 

11. A diversity communication system as claimed in claim 7 
5 wherein the spectrum produced by each pilot and carrier pair 

is widely separated in frequency from the spectrum produced 
by all other pilot and carrier pairs and said means for sup- 
pressing the undesired components includes a bandpass filter 
tuned to pass only the difference frequency and its associated 
10 modulation. 

12. A diversity communication system as claimed in claim 7 
wherein the spectrum produced by each pilot and carrier is 
displaced in frequency from the spectrum of the pilot and car- 

an amount of at least twice the 



r significantly weak relative to the in-phase product. 

6. A diversity transmission system in accordance with claim 
1 wherein the spectrum of each of the plurality of signal pairs 
is selected so that the cross modulation products of all signals, 
exclusive of those products of the two signals of any single 
signal pair, are outside the passband defined by the product of 
the signals of the single signal pair or are significantly weaker 
than the products of the signals of the single signal pair. 

7, A diversity communication system comprising, 
a plurality of branches, 

means for applying to each branch a pilot signal and a carri- 
er signal, the difference frequency component between 
the pilot and carrier on each branch being identical for all 
branches, 

means for applying identical intelligence to each branch by 
modulating at least one of the two signals, 

means for simultaneously beating together all of the pilots 
and carriers of the plurality of branches to produce dif- 
ference frequency components, 

means for suppressing the undesired difference frequency 
components produced by beating together signals other 
than a pilot and carrier of the same branch. 

means for detecting the modulation from the difference 
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only the difference frequency and its associated modulation. 

13. A diversity communication system as claimed in claim 7 
wherein said means for applying identical intelligence includes 

20 means for frequency modulating at least one of the two signals 
in each branch. 

14. A diversity communication system as claimed in claim 
13 wherein said means for applying identical intelligence in- 
cludes modulating the intelligence in part on one signal of a 

25 Pa**! of signals and in part on the other signal of said pair. 

15. A diversity communication system as claimed in claim 7 
wherein said means for applying to each branch a pilot signal 
and a carrier signal is provided at a first station having a trans- 
mitter for each of said plurality of branches and antenna 

30 means for radiating the output of each transmitter on a diverse 
transmission path, and said means for beating all of the pilots 
and carriers of the plurality of branches is provided at a 
second station having a single antenna and a single mixer con- 
nected to said single antenna. 
35 1^« A diversity communication system as claimed in claim 7 
wherein said means for applying to each branch a pilot signal 
and a carrier signal is provided by an individual local oscillator 
producing an output of preselected frequency, each escalator 
output being mixed individually with the pilot and the carrier 
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carrier of the same branch. 

8. A diversity communication system as claimed in claim 7 
wherein said means for applying to each branch a pilot signal 
and a carrier signal is arranged to produce a distinct spectrum 
for each branch. ■ 

9. A diversity communication system as claimed in claim 8 
wherein the spectra are selected so that the cross modulation 
products of all of the pilots and carriers of the plurality of 
branches, exclusive of those products of the pilot and carrier 
of the same branch, are significantly removed in at least 50 
frequency or power from those products of a pilot and carrier 
of any one same branch. 

10. A diversity communication system as claimed in claim 7 
wherein the frequency of the pilot of a first branch is below 
the frequency of the carrier of the tint branch and the 55 
frequency of the pilot of a second branch is above the frequen- 
cy of the carrier of the second branch so that the spectra of the 
two branches are reversed, and said means for suppressing the 
undesired components includes a bandpass filter tuned to pass 
only the difference frequency and its associated modulation 60 



desired spectrum, and wherein said means for beating all of 
the pilots and carriers includes a single mixer into which all of 
the converted outputs are fed. 

17. A diversity transmission system of the type having a plu- 
45 rality of branches, means for applying to each branch a pilot 
signal and a carrier signal with identical intelligence modu- 
lated on each branch and means for mixing the pilot signal and 
the carrier signal of each branch together to form a difference 
frequency component between them, 
characterized in that, said means for mixing is common to 
all branches and said means for applying a pilot signal and 
a carrier signal is arranged to provide a distinct spectrum 
for each branch, the spectra being selected so that all of 
the difference frequency components from said common 
mixing means which are derived from a pilot signal and a 
carrier signal of the same branch are identical and are sig- 
nificantly removed in at least frequency or power from all 
of the other difference frequency components from said 
common mixing means. 
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